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Waste heat boiler for a Claus system 



Specification: 



The invention relates to a waste heat boiler for a Claus system. 

In a Claus system, hydrogen sulfide is converted to elemental 
sulfur, which condenses by means of cooling of the process gas 
stream and is separated in liquid form. A Claus system consists, 
in its fundamental structure, of a combustion chamber, a waste 
heat boiler, as well as at least one catalyst stage . An acid 
gas containing H2S is passed into the chamber together with air 
and heating gas, where about 60 to 70% of the hydrogen sulfide 
is converted to sulfur in an exothermic reaction. The process 
gas leaves the combustion chamber at a temperature of 
approximately 1200°C, and is cooled to a temperature below 170°C 
in the waste heat boiler. After the condensed sulfur has been 
collected, the process gas is heated again and passed to a 
catalyst stage in which hydrogen sulfide that is still contained 
in the process gas is converted to elemental sulfur, at a 
working temperature below 300 °C. The process gas that leaves 
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the catalyst stage is cooled to a temperature required for 
condensation of the sulfur. After separation of the sulfur, the 
process gas is regularly passed to another catalyst stage, in 
which the residual content of hydrogen sulfide is converted to 
sulfur, which can be collected after the process gas has been 
cooled once again. Usually, separate waste heat boilers are 
used for cooling the process gas that has been drawn off from 
the combustion chamber, on the one hand, and for cooling the 
process gases that leave the catalyst stage, on the other hand. 
In Ullmanns Encyklopadie der technischen Chemie [Ullmann's 
Encyclopedia of Technical Chemistry], Volume 21, page 11, Fig. 7, 
a Claus system is described that has a two-stage waste heat 
boiler, in which the process gas from the combustion chamber as 
well as the process gas from a catalyst stage are cooled off. 
The design of the waste heat boiler is not described. Because 
of the great temperature differences between the process gas 
streams that enter, significant heat stresses must be feared, 
which are difficult to master in a single apparatus. 



The invention is based on the task of indicating a waste heat 
boiler for a Claus system for the production of low-tension 
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steam, which has a simple construction and allows both cooling 
of the hot process gas that leaves the combustion chamber and 
cooling of the cooler process gases that leave the catalyst 
stages, in a single apparatus. 

The object of the invention and the solution for this task is a 
waste heat boiler for a Claus system having 

a steam generator chamber surrounded by a pressure- 
resistant mantle, 

a long tube bundle of heat exchanger tubes, which extend 
through the steam generator chamber and are inserted into 
tube plates that delimit the steam generator chamber, at 
both ends, 

at least one additional tube bundle of shorter heat 
exchanger tubes, which are also inserted into the tube 
plate at their exit-side end, and open into an in-flow 
chamber at their entry-side end, and 
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a head piece that follows the tube plate at the exit-side 
end and is subdivided into sections, 

whereby a hot process gas that exits from a combustion chamber 
flows through the long tube bundle, whereby the in-flow chamber 
is disposed within the steam generator chamber, and has a cooler 
process gas from a catalyst stage of the Claus system applied to 
it, whereby a tube bundle is assigned to .each section of the 
head piece, in each instance, and whereby devices for conducting 
condensed sulfur away are connected to the sections. 

The waste heat boiler is disposed horizontally. Usual devices 
for a regulated boiler feed water supply as well as steam 
exhaust devices are connected with the steam generator chamber. 
Because of the in-flow chamber integrated into the steam 
generator space, the different gas entry temperatures can be 
mastered without requiring complicated measures for equalizing 
heat expansions. 

According to a preferred embodiment of the invention, a head 
piece having a connecting flange for a direct attachment to the 
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combustion chamber or to a splitting reactor of the Claus system 
that contains the combustion chamber is connected with the 
inlet-side tube plate. The in-flow . chamber has a mantle-side 
gas inlet for the process gas. If the Claus system has two or 
more catalyst stages that are operated at working temperatures 
between 200°C and 300°C, it is practical if the in-flow chamber 
is subdivided into in-flow chamber sections, whereby the in-flow 
chamber sections have a mantle-side gas inlet for the process 
gas from a catalyst stage of the Claus system, in each instance. 

According to a preferred embodiment of the invention, the 
position of the in-flow chamber is coordinated with the 
temperature profile that occurs within the heat exchanger tubes 
of the long tube bundle, in such a manner that the temperature 
differences between the in-flow chamber and the local 
temperature of the process gas passing through the long tube 
bundle are less than 150**C . In the case of optimal coordination, 
the temperature differences in the tubes should be as slight as 
possible in every cross-section of the apparatus. 
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After the deposition of condensed sulfur, the process gas must 
be heated to a temperature above the sulfur condensation 
temperature, before the process gas enters into the catalyst 
stage. It is practical if heating takes place by mixing in hot 
process gas. In a further development, the invention teaches 
that an additional tube for hot process gas is passed through 
the steam generator chamber, which gas also exits from the 
additional tube at a high temperature, and can be used for 
heating the process gas stream, which has been cooled to a 
temperature below the condensation temperature of sulfur. On 
the out-flow side of the additional tube, a device for 
controlling the amount of the process gas stream that is passed 
through the additional tube is provided. 

The waste heat boiler according to the invention results in a 
significant simplification of the Glaus system in terms of 
apparatus technology. The tubing is simplified. Intermediate 
heaters and condensers are eliminated. Boiler feed water 
regulation, which is always complicated, has to be made 
available only for a single apparatus. 
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In the following, the invention will be explained using a 
drawing that depicts an exemplary embodiment, which merely 
serves as an example. The drawing schematically shows: 

Fig. 1 a Claus system having a waste heat boiler configured 
according to the invention. 

Fig. 2 another embodiment of the waste heat boiler, and 

Fig. 3 the section A-A in Fig. 2. 

Hydrogen sulfide is converted to elemental sulfur in the Claus 
system shown in Fig. 1. The fundamental structure of the system 
includes a splitting reactor 1 having a combustion chamber 2, a 
waste heat boiler 3 connected with the gas outlet of the 
splitting reactor 1, as well as a catalyst stage 4. An acid gas 
5 that contains hydrogen sulfide is introduced into the 
combustion chamber 2 of the splitting reactor 1, which, in the 
exemplary embodiment, contains a bulk catalyst 8, in addition to 
the combustion chamber 2, together with air 6 and heating gas 7. 
The process gas leaves the splitting reactor 1 at a temperature 
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of approximately 1200°C and is cooled to a temperature of less 
than 170 °C, as required for condensation of the sulfur, in the 
waste heat boiler 3. The condensed sulfur is precipitated. 
After precipitation of the sulfur, the cooled process gas 9 is 
heated and passed to the catalyst stage 4 , in which the sulfur 
compounds are converted to elemental sulfur on a catalyst- The 
catalyst stage 4 is operated at a temperature of less than 300°C. 
The process gas that leaves the catalyst stage 4 is also cooled 
to a temperature required for condensation of the sulfur in the 
waste heat boiler 3. The condensed sulfur is removed. 

The splitting reactor 1 consists of a horizontal cylindrical 
boiler lined with refractory material, in which the combustion 
chamber 2, a catalyst chamber containing the bulk catalyst 8, as 
well as an out-flow side chamber are disposed, next to one 
another. The in-flow opening and the gas outlet are disposed on 
opposite faces of the boiler. The catalyst chamber is delimited 
by gas-permeable checker bricks 11 on both sides, and has a 
mantle-side filling opening for introducing the bulk catalyst 8. 
It is practical if the checker bricks 11 contain oblong holes. 
A branch line 12 that is lined with refractory material is 
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connected at the circumference of the out-flow side chamber, 
which line opens into an adjacent process gas line. A valve 13 
is disposed in the opening region of the branch line 12, and 
this valve can regulate the amount of flow of the hot gas stream 
that exits from the branch line 12. In this connection, the 
valve body of the valve 13 is cooled by the cool process gas 9, 
so that usual metallic materials can be used for the valve body. 

The waste heat boiler 3 has a steam generator chamber surrounded 
by a pressure-resistant mantle 14, to which chamber a supply 
device 16 for boiler feed water as well as an exhaust device 17 
for low-tension steam are connected- The waste heat boiler 3 
contains a long tube bundle 18 of heat exchanger tubes that 
extend through the steam generator chamber and are inserted into 
tube plates 19 at both ends, which plates delimit the steam 
generator space. Furthermore, at least one additional tube 
bundle 20 of shorter heat exchanger tubes is provided, which are 
also inserted into the tube plate 19 at their exit-side end, and 
open into an in-flow chamber 21 at their entry-side end. The 
hot process gas that exits from the combustion chamber, i.e. the 
splitting reactor 1, flows through the long tube bundle 18. The 
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in-flow chamber 21 is disposed within the steam generator 
chamber 15 and has the cooler process gas from the catalyst 
stage 4 applied to it. The waste heat boiler 3 furthermore has 
a head piece 22 that follows the tube plate 19 on the exit-side 
end^ and is subdivided into sections. A tube bundle 18, 20 is 
assigned to every section of the head piece, in each instance. 
Devices for conducting away condensed sulfur are connected with 
the sections. 

On the entry side, the waste heat boiler 3 is directly connected 
with the splitting reactor 1. It has a corresponding head piece 
with a connecting flange. The cooler process gas drawn from the 
catalyst stage 4 can be fed into the in-flow chamber 21 by way 
of a mantle-side gas inlet. The application point for the 
cooler process gas is selected in such a manner, along the waste 
heat boiler 3, that no overly great temperature differences 
occur in the tubes, and the heat stresses can be mastered. In 
the exemplary embodiment, the position of the in-flow chamber 21 
is coordinated with the temperature profile that occurs within 
the heat exchanger tubes of the long tube bundle 18, in such a 
manner that the temperature differences between the in-flow 
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chamber 2 and the local temperature of the process gas that is 
conducted through the long tube bundle 18 are less than 150 °C. 

The embodiment shown in Fig. 2 and 3 is intended for a Claus 
system that has a combustion chamber, i.e. a splitting reactor, 
and two catalyst stages operated at a temperature below 300 °C. 
The in-flow chamber 21 is subdivided into in-flow chamber 
sections 21a, 21b, each of which has a mantle-side gas inlet for 
the process gas from a catalyst stage. It is understood that 
the gas-exit-side head piece 22 is also subdivided into a 
corresponding number of sections. In Fig. 2, it is furthermore 
indicated with a broken line that the waste heat boiler can have 
an additional tube 24 for hot process gas that is passed through 
the steam generator chamber and is equipped with a device 25 for 
controlling the amount of process gas flow at the exit-side end. 
The additional tube 24 is designed in such a manner that the 
process gas also exits from the additional tube 24 at a high 
temperature, and can be used to heat the process gas stream that 
has been cooled to a temperature below the condensation 
temperature of sulfur. The additional tube 24 thereby replaces 
a by-pass line. 



